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Liver transplantation has gained broad acceptance 
as a therapeutic modality for hepatocellular carcinoma 
(HCC), with better overall survival than liver resection [1].

The United Network for Organ Sharing (UNOS) ad-
opted Milan criteria for liver transplantation in patients 
with HCC (single lesion, diameter ≤ 50 mm, without 
vascular invasion, and with no metastasis) to improve 
survival [2]. Yang et al. reported that the median overall 
survival is 5.75 years after transplantation for patients 
meeting UNOS criteria [1].

So, even though choosing these criteria is a focal 
point, there is another important topic, i.e. knowing the 
causes of death after selecting these criteria. However, 
the causes of death are unclear.

We used Surveillance, Epidemiology, and End Re-
sults (seer)*stat software, latest version 8.3.9.2 in our 
study to access SEER plus data, 18 registries [3, 4]. 
We identified the solitary HCC diagnosis with the pri-

mary site labelled C22.0, specific ICD-O-3 hist/behave 
(8170/3 – 8175/3) and concerning UNOS criteria (CS 
extension 2004–2015). We evaluated causes of death 
(ICD-10 identifications) and calculated the standardized 
mortality ratio (SMR), which represents the number of 
observed deaths from a specific cause to the num-
ber that would be expected to die over a given peri-
od. Therefore, understanding the distribution of differ-
ent causes of death after liver transplantation among 
HCC patients is helpful in counselling patients regarding 
their care and survivorship.

We reviewed 1260 US patients with solitary HCC 
who had undergone liver transplants during the period 
2004–2015 (Figure 1). Most patients were aged between  
45 and 79 years (1204; 95.6%), were white (1002; 79.5), 
male (960; 76%), married (805; 63.9%), and with a lo-
calized stage (1227; 97.4%). Of the included patients 
400 (31.7%) died during this period, with a mean age 

Figure 1. Flowchart of patient selection

Assessed for eligibility (n = 1260) 
United State from 2004 to 2015

Died = 400 
Causes of death 

Died from liver cancer  
(n = 58) 

Died from non-cancer causes  
(n = 277) 

Died from non-liver cancer causes  
(n = 53)

Inclusion criteria: 
•	Solitary HCC diagnosis
•	Primary site labelled C22.0
•	Specific ICD-O-3 hist/behave (8170/3-8175/3)
•	UNOS criteria (CS extension 2004–2015)

Exclusion criteria:
•	All death certificate only
•	Alive with no survival time
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of death of 62.7 years. 137 patients died within the 
first 2 years after transplant, 105 deaths occurred 
within 2–5 years, and 158 deaths occurred more than  
5 years after transplantation. The most common causes 

of death were non-cancer causes (277 (71, 4%); 3.71 
(3.29–4.18)) followed by liver cancer and other cancers. 
Generally, liver cancer was the most common cause of 
death (58 patients (14.5%); SMR 33.11 (25.15–42.81)), 

Table I. Standardised mortality ratios (SMRs) for each cause of death following liver transplant in patients with 
solitary HCC

Total> 5 years2–5 years0–2 yearsCause of death

SMR
3.58p  

(3.24–3.96)

Observedn

(n)
SMRObservedn

(n)
SMR

(95 (n) CIc)
Observedn

(n)
SMR

(95 (n) CIc)
Observedn

(n) (95 (n) CIc)

3.30p 

(2.71–3.97)
3882.87p 

(2.43–3.36)
1533.01p 

(2.46–3.66)
1026.32p 

(5.29–7.49)
133All causes of death

1.66p 

(1.25–2.17)
1112.91p 

(2.13–3.86)
473.44p 

(2.42–4.74)
374.03p 

(2.66–5.87)
27All malignant cancers

33.11p  

(25.15–42.81)
531.89p 

(1.27–2.71)
291.28  

(0.68–2.18)
131.73  

(0.87–3.1)
11Non-HCC cancers

1.26  
(0.86–1.78)

5821.62p 

(12.81–34.16)
1842.13p  

(26.99–62.69)
2445.82p 

(26.19–74.41)
16Liver cancer

3.71P 

(3.29–4.18)
2772.85P 

(2.34–3.45)
1062.81P 

(2.17–3.59)
657.39P 

(6.05–8.93)
106Non-cancer causes of 

death

4.85p 

(1.58–11.32)
321.75p  

(1.1–2.65)
220.38 

(0.08–1.11)
31.41  

(0.57–2.91)
7Diseases of the heart

1.67  
(0.67–3.44)

55.56p 

(1.15–16.25)
33.22  

(0.08–17.93)
15.55  

(0.14–30.92)
1Hypertension without 

heart disease

1.22  
(0.15–4.39)

71.38  
(0.28–4.04)

30.79  
(0.02–4.43)

13.96  
(0.82–11.56)

3Cerebrovascular diseases

1.32  
(0.57–2.59)

22.29  
(0.28–8.28)

2–0–0Pneumonia and 
influenza

7.80p 

(4.27–13.09)
81.54  

(0.5–3.58)
51.1  

(0.13–3.98)
20.99 

(0.03–5.51)
1Chronic obstructive 

pulmonary disease and 
allied cond

10.63p 

(7.22–15.09)
146.42p 

(2.35–13.97)
67.41p  

(2.02–18.96)
412.55p 

(3.42–32.14)
4Nephritis, nephrotic 

syndrome, and nephrosis

0  
(0–1.9)

315.53p 

(2.22–11.4)
710.13p 

(4.86–18.63)
1021.09p 

(11.53–35.39)
14Chronic liver disease and 

cirrhosis

13.11p 

(1.59–47.37)
10 (0–20.31)09.45  

(0.24–52.66)
10  

(0–60)
0Other diseases of 

arteries, arterioles, 
capillaries

3.4  
(0.41–12.27)

212.81 
(0.32–71.39)

1–035.38 
(0.9–197.13)

1Atherosclerosis

4.39p 

(1.76–9.04)
23.22  

(0.08–17.96)
1–09.71  

(0.25–54.1)
1In situ, benign or 

unknown behaviour 
neoplasm

0  
(0–93.36)

72.49 
(0.3–8.99)

2–016.84p 

(5.47–39.3)
5Septicaemia

0  
(0–3.91)

52.43  
(0.79–5.68)

5–0–0Diabetes mellitus

3.58p 

(3.24–3.96)
923.63p 

(2.53–5.05)
354.17p  

(2.7–6.15)
258.48p 

(5.8–11.98)
32Other causes

n – number of cancer patients who died due to each cause of death, 95 (n) CI – confidence interval, p = p-value less than 0.05.
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while the most common non-cancer causes were dis-
eases of the heart (32; SMR 1.26 (0.86–1.78)), chronic 
liver disease and cirrhosis (31; SMR 10.63 (7.22–15.09)), 
nephritis, nephrotic syndrome and nephrosis (15 (3.8%); 
SMR 7.80 (4.27–13.09)), and septicaemia (7 (1.8%); 
SMR 4.39 (1.76–9.04)). Other cancer causes of death 
are including lung and bronchus (15 (14.5%); SMR 1.52 
(0.85–2.51)), miscellaneous cancer (9 (2.3%); SMR 3.69 
(1.69–7)), non-Hodgkin lymphoma (7 (1.8%); SMR 6.65 
(2.67–13.71)), and acute myeloid leukaemia (3 (0.8%); 
SMR 5.43 (1.12–15.88)) (Table I). 

Our result showed that there is a statistically signif-
icant higher risk of death due to recurrence of HCC and 
incidence of other cancers. This is consistent with the 
study by Kim et al. which reported high recurrence of 
HCC with poor prognosis [5]. Manzia et al. explained the 
incidence of de-novo cancers due to immunosuppres-
sive drug [6]. There is a statistically significant higher 
risk of death due to chronic liver diseases and cirrhosis, 
which can be explained by a recurrence of a pre-existing 
disease or without evidence of recurrence (other causes 
like de-novo autoimmune hepatitis or biliary complica-
tions) [7]. Our result showed a statistically significant 
higher risk of death due to nephritis and nephrotic syn-
drome, and septicaemia, which is consistent with Col-
liou et al. [8], who reported that kidney diseases are re-
sponsible for excess deaths due to multifactorial causes 
(pre-transplantation, post-operative, perioperative), and 
the study of Lease et al., which reported that infectious 
complications remain a significant contributor to death 
after liver transplantation, which can be explained by 
post-transplant treatment protocols, long stay in the 
ICU, and pre- or post-transplant renal replacement ther-
apy [9].

However, diseases of the heart and lungs and bron-
chus cancer were statistically insignificant compared 
with age-adjusted and demographically similar popula-
tions. We provide new insights for healthcare providers 
to counsel the HCC survivors post-transplant for future 
risks.
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